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(71) We, FARBWERKE HOECKST 
AKTIBNGESEIiLtSCHiAFT, vormals Meister 
Lucius & Bruning, a body corporate organised 
according to the laws of Germany, of 6230 
Frankfurt (Main) 80, Postfach 80 03 20, Ger- 
many, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 
by the following statement: — 

The present invention provides a process for 
the preparation of an aryl-l,l,2,2-tetrafluoro- 
ethyl ether by reacting a phenolic compound, 
as hereinafter defined with tetrafluoroethylene 
in an organic solvent in the presence of an 
alkaline catalyst, which comprises contacting a 
solution of from 0.5 to 50% by weight of a 
phenolic compound in a water-miscible, polar 
solvent inert toward tetrafluoroethylene under 
the. reaction conditions, preferably dimethyl- 
formamide, hexamethyl-phosphoric acid tris- 
amide or dimethylsulphoxide in the presence 
of from 0.05 to 0.5 mole of an alkali metal 
hydroxide per equivalent of phenol as herein- 
after denned at atmospheric pressure or slightly 
reduced pressure and at a temperature of from 
50 to 150°C with tetrafloroethylene. 

US Patent Specification No. 2,409,274 dis- 
closes the preparation of phenyl-14A2-tetra- 
fluoroethyl ether by addition of tetrafluoro- 
ethylene to phenols. In the single example 
concerning phenol, the reaction is carried out 
in the course of about 1*2 hours at 100°C under 
pressure in an autoclave in the presence of 
metallic sodium as catalyst and benzene as 
solvent. The phenyH,l^,2-tetrafluoroethyl 
ether is obtained with a yield of 4j6%. 

D. C. England et at (J. Am. Chem. Soc. 
82, SblS— 2102 (I960)) have found an 
improvement to this process, using dimethyl- 
formamide or dioxan as solvents, the opera- 
tion being carried out under pressure (2 to 
2.7 atmospheres gauge) and at temperatures 
of from 60 to lOCFC. Instead of metallic 



sodium, W. A. Shephard (Journal of Organic 
Chemistry 29, 1—11 (1964)) employed in 
this process sodium hydride in dispersed form. 

The reaction of sodium phenolate with tetra- 
fluoroethylene in dimethylformamide under a 
relatively high pressure, the sodium phenolate 
being formed in situ from phenol and sodium, 
is described in US Patent No. 3,277,068. 

Belgian Patent Specification No. 741243 
discloses that phenols may be reacted under 
pressure with tetrafluoroethylene in the 
presence of alkali metal hydroxides or alkali 
tnetal phenolates, if a certain amount of water 
is present and a certain critical molar ratio 
of tetrafluoroethylene to phenol is maintained. 
In the Belgian Patent Specification Nos. 
691,603 and 691,604 there is also mentioned 
the reaction of nitro- or aminophenols with 
tetrafluoroethylene under pressure in the 
presence of alkali metal or alkaline earth metal 
hydroxides, sodium hydride or sodium meth- 
oxide as the catalyst and dimethylformamide 
of dioxan as the solvents. 

All these processes have the disadvantage 
that the operation must be carried out under 
pressure, which necessitates expensive security 
measures due to the easily explosive decom- 
position of tetrafluoroethylene. 

It has therefore been desirable to find a 
process which may be performed without the 
use of superamospheric pressure and with a 
catalyst which is easy to handle and which 
renders superfluous the use of anhydrous sol- 
vents. Experiments of this type have hitherto 
been fruitless. Thus, J. W. C -Crawford (J. 
Chem. Soc. 1967, 2396) has stated that phenol 
in the presence of sodium phenolate, formed 
in situ from sodium metal and phenol, and 
dimethylsulphoxide or dimethylformamide does 
not react with tetrafluoroethylene at normal 
pressure. 

It is therefore surprising that tetrafluoro- 
ethylene reacts easily with phenols at atmos- 
pheric pressure to form the corresponding 
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aryl-tetxafluoroethyl ethers in good yields, if 
instead of the metallic sodium or sodium 
hydride, an alkali metal hydroxide is used 
as catalyst and if a water-miscible, polar sol- 
5 vent, preferably dimethylformamide, hexa- 
methyl-phosphoric acid trisamide or (hmetnyl- 
sulphoxide is used. The reaction proceeds so 
easily that the reaction may be earned out 
even at a slighdy reduced pressure. 
10 As the phenolic starting compound there 
may be used for example, phenol itself or 
mono-, di- or to-substituted phenol or a di- or 
polyhydric phenol, which may be unsubstitoted 
or substituted provided that not more than 
15 four substituents, including the hydroxy 
croups, are present. As substituents that may 
be present in the phenyl nucleus there may 
be mentioned, more especially straight-chain 
or branched alkyl groups having preferably up 
20 to 20, especially up to 4 carbon atoms, alkoxy 
groups having up to 6, especially up to 4 
carbon atoms, and formyl, ammo, mono- 
alkylamino or dialkylamino group having pre- 
ferably up to 4 carbon atoms in each alkyl 
25 moiety, as well as the piperidino and the 
morpholino group and alkanoylamino groups 
having up to 6 carbon atoms m the alkane 
moiety, especially acetamino groups. Further- 
more, there may be used a polynuclear phenol 
30 for example, a naphthol which may be sub- 
stituted or ^substituted. The term Pheno- 
lic compound " is to be understood to include 
polyhydric phenols and polynuclear phenols. 
The solvent is not necessarily anhydrous and 
35 may be used without difficulty in a technical 
Quality. The phenol is dissolved in this solvent 
hi a concentration of from 5 to 50% by weight, 
advantageously from 10 to 30% by weight, 
preferably from 15 to 20% by wei^t. As the 
40 catalyst there is used an alkali metal hydroxide, 
preferably potassium hydroxide, advan- 
tageously in amounts of from 0.05 to 0.5, pre- 
ferably from 0.15 to 0.3 mole, per equivalent 
of phenol, this being dissolved in the phenolic 
45 solution. One "equivalent of phenol is a 
mole of phenol divided by the number of 
the phenolic hydroxy groups in the phenol 
molecule. . 

The reaction may be earned out by passing 
50 tetrafluoroethylene over the intensively stirred 
reaction mixture heated to about 50 to about 
*50°Q preferably to 70 to 130°C. The reac- 
tion proceeds more rapidly if the phenolic 
solution is passed over a heated packed column 
55 and the tetrafluoroethylene is introduced m to 
mis column at normal pressure, where it is 
absorbed. 



The reaction speed is different for the 
different phenols. In many cases the reaction 
is exothermics it is completed when the 60 
absorption of tetrafluoroethylene is finishea. 

The reaction products are usually isolated 
by distillation of the obtained rnixtures, the 
solvent being recovered or by treating the- 
reaction mixture with water; the reacuon pro- 65 
duct is precipitated and the solvent as well 
as the catalyst are transferred into the aqueous 

Ph The reaction products are useful interme- 
diates for the preparation of dyestuff s, pharma- 70 
ceuticals and biocides. 

The following Examples illustrate the inven- 
tion. 

Example 1 

o-sec.-Butylphenol was reacted with terra- 75 
fluoroethylene in the device represented by the 
accompanying drawing. For this purpose, 7^ 
cr {0.5 mole) of o-sec.-butylphenol were dis- 
solved in 240 g of dimemylformamide and 7 
g f0 125 mole) of KOH were added. The whole 80 

was stirred until a solution was obtained, heat- 
ing being optionally necessary. The flask (1) 
of the reaction device was filled with the result- 
ing solution. The flask (1) and the column 
(<£ were rinsed with nitrogen from the pres- 85 
sure vessel (3) and then with tetrafluoro- 
ethylene from the stock vessel (4) by ; means 
of the feed lines (5) and (6). Then *e ffcsk 
(Vi Tbv means of the heating bath (7)) and 
rhe ?ohimn (2) were heated to 90°C The 90 
pump (8) was started, so that the solution 
tticMed through the feed line (9) and through 
the column (2). The inner temper^e regu- 
lated by the thermostat (10) amounted to 87 ^ 
After smarting the pump (8), the jonsumption 95 
of tetrafluoroethylene began immediately, lhe 
levelling vessel (11) was so adjusted that the 
pressure was not far below normal pressure. 
012) is an oudet valve. As a result of the 
exothermic reaction, the temperature mcreased 100 
to 100°C. After 18 minutes, the absorption ot 
tetrafluoroethylene was completed. 

The reaction product was obtained with a 
99% purity by precipitating with water, dry- 
tog with sodium sulphate and subsequent frac- 105 
donation. (115 g (W) of 1 - tetrafluoro. 
ethoxy - 2 - sec. - butyl - benzene, boning 
point * 0 94°C, nj> 2S 1.4314). 

The reaction products of other phenols with 
tetrafluoroethylene obtained in analogous way 110 
are listed in Table 1 as Examples 2 to 18. 
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WHAT WE CLAIM IS : — 

1. A process for the preparation of an aryl- 
1,1,2,2-tetranuoroethyl ether, which comprises 
reacting a solution of from 5 to 50)% by weight 

5 of a phenolic compound as hereinbefore denned 
in an inert polar water-rmscible solvent with 
tetrafluoroethylene in the presence of from 
0.05 to 0.5 mole of an alkali metal hydroxide 
per equivalent of phenol, as hereinbefore 

10 defined at a temperature of from 50 to 150°C 
and at atmospheric pressure or slightly sub- 
atmospheric pressure. 

2. A process as claimed in claim 1, wherein 
the phenolic compound is phenol. 

15 3. A process as claimed in claim 1, wherein 
the phenolic compound is phenol containing up 
to 3 substituents in addition to the hydroxy 
group. 

4. A process as claimed in claim 1 3 wherein 
20 the phenolic compound is a di- or polyhydric 
phenol, which may be un substituted or sub- 
stituted, provided that not more than four 
substituents, including the hydroxy groups, are 
present. 

25 5. A process as claimed in 1, wherein the 
phenolic compound is a polynuclear phenol, 
which may be unsubstituted or may contain up 
to 3 substituents in addition to the hydroxy 
group. 

30 6. A process as claimed in any one of claims 
3 to 5, wherein the substituent is selected 
from alkyl groups having up to 20 carbon 
atoms, alkoxy groups having up to *6 carbon 
atoms, formyl, amino, monoalkylamino or di- 

35 alkylamino groups having in each alkyl moiety 
up to 4 carbon atoms, pipeiidino and morpho- 
lino groups and alkanoylamino groups having 
up to 6 carbon atoms in the alkane moiety. 
7. A process as claimed in claim 6, wherein 



7 



the alkyl and alkoxy groups have up to 4 40 
carbon atoms. 

8. A process as claimed in any one of claims 
1 to 7, wherein the solvent is dimethyl form- 
amide. 

9. A process as claimed in any one of 45 
claims 1 to 7, wherein the solvent is dimethyl 
sulphoxide. 

10. A process as claimed in any one of 
claims 1 to 7 3 wherein the solvent is hexa- 
methyl-phosphoric acid triamide. 50 

111. A process as claimed in any one of 
claims 1 to 10, wherein the solution contains 
from 10 to 3<0|%i by weight of phenolic com- 
pound. 

IE. A process as claimed in any one of claims 55 
1 to 1*1, wherein the solution contains from 15 
to 2Q%! by weight of phenolic compound. 

15. A process as claimed in any one of 
claims 1 to 12, wherein the alkali metal 
hydroxide is used in an amount of from 0.15 60 
to 0.3 mole per equivalent of phenol. 

14. A process as claimed in any one of 
claims 1 to 15, wherein the alkali metal 
hydroxide is potassium hydroxide. 

H5. A process as claimed in any one of 65 
claims 1 to 14, wherein the reaction tempera- 
ture is in the range of from 70 to 130°C 

116. A process conducted substantially as 
described in any one of Examples 1 to 18 
herein with reference to and as shown in the 70 
accompanying drawing. 

17. An aryH4,2,2-tetranuoroethyl ether 
whenever obtained by a process as claimed in 
any one of claims 1 to 1<6. 

ABEL & IMRAY, 
Chartered Patent Agents, 
Northumberland House, 

303—81016, High Hoiborn, London W.C.1. 
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